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The authors have developed a procedure for obtaining a 
workable method giving satisfactory accuracy in preliminary ship 
design for predicting the carve of statical stability of a vessel 
when onlr the printipel atwamenuns and hull coefficients of the 
veesel aro known. The stability data upon whieh the development 
ig based was obtcined by mochanically integrating a parent hull forms 
from Taylor's Strndard Series and expanding the rosulting righting 
arm data to cover a range of ship forms. The methods of data expane 
sion usa were those suggested in the 1949 Theeds by Church ani 
Robiagon entitled “The Estimation of Transverse Statical Stability 
from Yorn Coefficients and Principal Dimensions", but modified as 
considered desirable to improve ascuracy and convenience of applics=- 
tion. 

The vrineipal advance in thio thesis beyond previous similar 
works ie the manner in which the present authere have integrated 
the acsuaulnted stability data inte a practicable method for stability 
prediction. Tnin de briefly as follows: A series of stability para 
meter diagrana wore devised from which values of a dimensionless 
Pighting amo coe?ficient may be selected using ss arguments the para- 
metere draft/depth, depth/veem and longitudinal priemitioc coefficient. 


The righting arn is then determined by the following relation? 
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where GZ is the righting arm in feet 


K2/3 49 the dimensionless righting arm 
coefficient obtained from the dlagrame 


B is the ship's bean in feet 

KG 4s the vertical distance from the base. 
Line to the estimated position of the ship's 
center of gravity. 

@ is the angle of inclination 

By plotting the derived values of righting arm versus the 
corresponding angles of inclinntion a predieted curve of statical 
stability may be drawn. 

The effect. of sheer is introduced into the method by correcting 
the actual dopth of the vessel anidahips by an expression developed 
by the euthors fer this purpess. 

Curves of statical stability vredicted by this method showed 
satisfactory acreenent with conventionally conatructed curves for 
ships within the range of hull forms for which the stability data 
4a convidered of suitable accuracy. 

The thesis is concluded by recommending certain refineacnts 
ef procedure whieh the authors believe will produce a method for 
predicting atatical stability in orelininary design with satice 


factory accuracy over any desired range of hull forme. 


Sk RETsQNUCTLON 


In preparing the preliminary design of a ship, the first 
objective is to establish the displacement, the principal dle 
mensions and the coefficients of form that will most nearly 
provide the prospective ship with cortain preresuisite characterea 
istics. Tho closer these values can be vredicted in the early 
stages the fever will be the changes renuired later, and the 
efficiency of the whole design procedure will be improved. Methods 
are available for estimating the power of the propelling machinery, 
weight of the ship, structural strength, initial stabllity, carrying 
caprcity and other important items prior to the delineation of the 
lines, Thero is, however, little inforeation that will enable the 
designer to make a satisfactery prediction of the statical stability 
charaeteristies st large englies of inclination at this stage of 
the design procedure. Therefore the ability to make satisfactory 
predictions with respect te most ef the specified characteristics 
4e somethat nullified vy the possibility of changes reavired at 
the completion of the traditicnal stability calculations. To obe 
viate this situation a satisfastory method of predieting statical 
atadility characteristics before meking the lines drawing would be 
invaluable. 1% 4a the parnose of this thesis to develop such a 
methods 

The stability of ships hes leng been considered a very important 
end sonewhat elusive ship characteristic. Rumereus nethods, analytical 
and empirical, heve been proposed for estimating statical atabdllity. 
To acquaint the reader with the current status of the quant for pree 
liminary design stability date a resunS of Methods applicable te or 
specifically originated for the solution of the problem is presented. 


man Pe an MoT, et an in eatted, "Review of an edngs9ah 


Method to Calculate Stability”, apolied the Shults formulas to 


merchant=type veesele, ‘Tho resulting curves, when compared vith 
the curves computed from the designs showed fair similarity with 


“the vessels flonting near thoir load water lines. Nessrs. Gunsy 
and Unel in an M.I.7, Thesis in 1944 titled, “Developaent of an 
Kovation Based on Hall Characteristics for the Angle at which Maxie 
mun Righting Arn Occurs” apolied the Schulte fommles to navale 
type hulls tut were unable to arrive at satisfactery recults vithous 
the use of emporicnl coefficients apolieable te the tyne of ship 
in ouestions 

Among the best known of the analytical methods in the United 
States 49 the formule of J. C. Niedermair pudlished in the Transac= 
tions of the Society of Noval Architests and Marine Nngineers in 
1932. ‘This formia gives the righting am es a funstion of the 
initial transverse metesenter, the angle of inclinction, ami the 
{nigial metacentric redious. The author olaims good accuracy from 
the formule in constructing the curve of statienl stability wo to 
a masimun of 30° heel, or to the angle of the deck edge iunersion 
22 4t occurs at less than 30° heel, for she “usval merchant ship". 
This formula may be exployed in preliminary design in conjunction 
with methods of cstimating GH and Bi as eciven by Prof. G. C. Manning 


N. H. Burgeaa in o paper entitled "Stability Coefficients", 
published in the 1943 Transaction? the Institution of Haval 
Architeots proposed a method of estimating tho statical stability 
curve of a vessel in the preliminary design stage. The method for 
{ts apolfention recuircs only the knowledge of the principal die 
mensions ang hull coefficients of the new design plus certain 3 tne 
bility data on a veseel having lines similar to the vessel in 
auestion. The author vrepared the renuired stebility data for 
twentyefive different veesels to vrovide = basis for epplication 
of the method. The procedure 43 to determine for various angles 
of heel the buoyancy lever, BR, of a pricn having the same midship 
section shape and ares ag the design in auvestion except that the 
depth of the prism 40 increased by 1/3 of the man deck sheer of 
the corresponding chip. Tho ratio of BR for an actual ship to the 
BR of its corresponding prien for a design having similer lines is 
then selected for the varicus angles of heel fren the tabuiated 
data on the twentyefive ships previously mestioned. The tabulated 
#R ratios aul tipliea by the BR's for the design in question at the 
various anglee of heol efve a ER for the new design. Then the 
righting am, GZ gq ER @ 2Geim. KB and KG gust be estimated by any 
convethent method. I¢ is recognised that the accuracy of the method 
depends Largely on how moarly geometrically sinilar are the new 
design and the parent aafip. The aathor gives ne indications of 
the degree of accurecy ® expect An the goneral case, 

In 1947, a paper on “Residuary Stability” by C. We Prohaska, 
Professor of Naval Architseture at the Technical University of 


Copenhagen, was published in the Transactions of the Institution 
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where MS ts the perpendiculur distance from the line of «ction of 
the force of buoyancy in the inclined nosition to the initial 
taderdree netacenter, This method io similar to the Niedernualr 
formila and may be used under the seme conditions, 

In recent years investiratorsa at M.I.7. hare vursved the 
problem of determining st: ticcl stability characteristics in the 
preliminary design stage prior to delineation of the lines by a 
more direct epproach, ‘The procedure has been to select vrious 
parent hull forme and while verying ench in some syetemtic nanner 
to inteprate fer riehting arne af severcl cngles of inclination, 
The data obtained from theso hull series has been plotted for use 
in estinating curwes of statics] stability for vessela in the pre- 
liminary design atege having hull cosfficients and gsonetrical 
characteristics comparable with the perent forms, The mejor differences 
in these methods have been the manner of delincetine the parent huli 
forme and the parameters used in vlotting the derived data. 

AG N,I.T. the method cof predicting stctieal stability charac- 
teristics from hull cocffictents by using data from stability cal= 
culations on system tically varied hull series wes commenced by 
Heasrs, Ramsey ond Latimer in 1945. Their hull series were of purely 
geometrical construction, consisting of transverse sections of 
triangular, elliptical or rectangular undervater portions and vertical 
sides xtove the losé weter lines, All hulle had the sene rrofile, 
which A4ncluded sheer. A number of hulls wera interrated to cover a 


rance of tnil coefficients suffielent to test the results on viriors 


types of maval vessels for which the methed was primarily ine 
tended. In general, the shopos of the derived curves of statical 
stability compnred favorably with those constructed directly fron 
the vessel's lines by the usual procedure. However, the derived 
values of maximum righting arm varied from several percent te about 
twentyefive percent less than the values obtained from the actual 
designs. The authors state that moot of the differences could be 
traced directly to the lamge amount of flare or the unusually wide 
stern of the hull under consideration. ‘This sounds like reasonable 
explanation, but the manner in which it was deduced io not clear. 
Further, this thesis emohacsizes the fact that the derived data should 
only be used for ships geomotrically similar to the parent series 
and thet whereas the method is not accurate for obtnining absolute 
values of righting arm it is believed to be good for determining 
the effect on righting arms of small changes in design dimensions 
and coefficients. | 

In 1946 MeKay continued the vork of Ramsey and Latimer by ob= 
taining cross curves of strbility for one of the original hall forms 
by varying the draft to depth ratio as had been suggested by the pre= 
vious investigators. MeKay belleved that within liminations of the 
original thesis his method of developing eross curves, if extended 
to cover the range of hull coefficients found in normal ship forns, 
vould vrovide a means of predicting the stability curve in the DPS 
Limi nary design otage. 

Concurrent with NcKay*s work, “Messrs. Kelley, Jones, Crawford 
and Gooding in an .I.T. Thesis entitled, "A Method for Predicting 


Staticnrl Stability” concluded that the develooument of stnbility data 
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from series of geometrically-related hulls was the most vorémising 
method of prodicting the st tical stability characteristics of a 
vessel in the preliminary design stage, but that the artificiality 
introduced by ennloying regular geonetric shapes for transverse 
ship sections resulted in the inaccurcies found in Ramsey and Latie 
mer's method. Aftor rejecting the use of nctual shipeshape forms 
on the grounds that it would be difficult to determine the cause of 
varintions in the curve of strtical stability unless only one hull 
varaneter was varied at a time, the use of hulls delineated from 
Taylor's Mathematical Lines was decided uvon. Two such hulls were 
integrated for stability data holding the longitudinal prismatic 
coefficient constant vhile varying the block coefficient. As the 
data prenared by Messrs. Kelley et al. was not of sufficient scopes 
to be of general use in vradicting statierl stability curves they 
suggested that the work be continued in the same manner by succeeding 
invostigators. 

In a thesis comleted in January, 1948, titled, "A Method of 
Predicting Statical stability from Hull Coefficients", Messrs. 
Randall, Stark and Meyer continued the work of Kelley et al. by dee 
linenting six more hull forms from Taylor's Mathematical Lines. [In 
each of the siz nnrent hull foras only the longitudinal orismaatic co= 
efficient, the block coefficient, or the waterplane coefficient was 
varied fron the original desiga. ach of the parent hall forms was 
then integrated for stability date vehile systematically varying values 
of the dbeametoedraft ratio and the depth-toedraft rafio. From the rao 
sults statical stability curves vere constructed and comoszred with the 
curves for sctusl vessels. In general, the shapes of the predicted 


carves were of ths same general nature as those of the actual curves, 
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but the lues of r magia stenting arn were grenter than the evi, 
nea. up to anproximitely 15; error. Messrs. Kandall et al. 


concluded that their method enabled the prediction of an avvroxinate 
curve of statical stadility for any vessel with hull dimensions and 
coefficients falling within the series. Whether the term "hull die 
fredetone 4% intended to mean geonetrical similarity is rot clear. It 
would boda that in addition to the renulrements of lite axeaneisis 
and coefficients, geometrical sinilarity also 1s a necessity for oven 
Eyer rin Ate results. Farther, it is claimed that the data permits the 
prediction of changes in statical stabllity due to changes in hull 
dimensions and coefficients. As the range of dimensions end hull cco 
efficients found in normal huil forms still had not been covered, cone 
tinuation of the investigation in the snme form was recomended. It 
was furthor recomuended that the effect of sheer, the shape of the 
aboveewater body, and the shane of stern sections be investigated. 
Later in 1948, in an M.I.T. thesis titled, “A Methed of Predict 
ing Statioal Stability for Hull Coefficients", Messrs. Taylor, Ballan= 
tine and Reits continued the study of Kelley ot al. and Randall e¢ al. 
Integration of two more hulle was comoleted, maling a tetal of eight 
in nll for which stability data was now available. In order to pre= 
sent the cccwzulated data in convenicnt fora it was vlotted as a sot 
of contours of G2/B versus the angle of inclinstion and a derived para= 
meter 07/03. Inconsistencies developed in the contcurs when plotted 
in this manner which Taylor et al. believed were due to inconsistencies 
in tho variation of the coefficients of the hulls previously developed 
resulting in a series of unrelated hull foras. The authors therefore 


concluded that the hull forms must be truly related in oxder that the 


, 12 
data obtained might be correlated and plotted in useful form. 
This led to the development of a new series of hall forms 
charneterised by & unifora veriation in hull coefficients, 
of ~hich six hulls were delineated by means of Taylor's Mathes 
matical Lines. Avnarently time did not nermit the integration 
of the now series of hulls to obtain stability data. Tho authors 
recomended integrating these hulle and continuing the vursuit 
of the statical stadility curve by means of their method. 

Tn 1949, Messrs. Church and Robinson continued the work of 
predicting statical stability in an M.I.T. thesis entitled, "The 
Sstimation of Transverse Statical stability from Yorm Cosfficients 
and Princinal Dimensions". As suggested by Messrs. Keits et al. 
they integrated for stadility data the six hulls previously de~ 
Lineated from Taylor's Mathesatic+l Lines. This, plus all available 
stability data from past theses, was then plotted on & common basis 
in an attempt at correlation. It wes found impossible to combine 
data from hulls of various charscteristics into one integrated com 
pilnation that could be used for the pvracticil doterminstion of sta 
tical etabdility. from this the authers derived the conclusions that: 
(1) tho Reite parameter Coy was not a sultrble coordinate for 
use in plotting statienl stability and (2) that in order to present 
@ compilation of stability data 4n a usable form the date mast de 
derived from a series of hulis belonging to a geometrical family which 
is allowed to vary only in one mojor characteristic nt a time. Accof- 
dingly a new sories of stability hulls based on Taylor's standard Series 
was comnenced. By ingenious longitudinal and transverse exoansion pro- 
cesses Church and Robinson derived stability data for twelve different 


geometrically related forms fron the integration of one parent hull. 
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In the beldof that previously used persmoters were unsatisfactory 
for use in plotting stability data the nuthors became interested 
in the residtary stability lever method of Prohaska. Their data 
plotted in this manner gave fair curves and apnenred to be a 
practical solution to the problem. Accordingly the recommendation 
wags made to continue the work along this same line. 

In continuing the work of developing a method for nredicting 
etatical stability of a vessel in the preliminary design stage 
the present writers comnenced by making a comprehensive review of 
the foregoing theses for the purpose of discovering, if possible, 
reasons for apnarent disagreement among the various authors. Pare 
ticularly it was desired to find the b-sic parameters best suited 
for presenting statical stability data in a form that cen be readily 
used in preliminary design work, and to decide unon a basic hull 
form that would be suitable eas a parent for a series of data. 

It has deen concluded that the primary reason for inability 
te successfully integrate the data of all past investigators into 
one series is, as Church and Robinson decided, due to the intro- 
duction of too many variables when a heterogeneous group of hull 
forns is used. 

In order to plot data from various sources on A comion coor} 
dinate system the parameters used mst represent S11 of the factors 
involved in the relationship between deponient and indevendent 
variables. As applied to stability deta if the righting arm is 
the ordinate the parameter used for the abscissa mast include all 
factors influencing stability that are allowed to vary under the given 
conditions, and furthermore all factors included in the abscissa nara- 


meter must be unique functions of each other. It was possibly a realie 


gation of this theorem that prompted several previous investigators to 
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conclude that hull forms analyzed for a compilation of stability 


data must be geometrically related. They not only must ve geometri- 
cally related, but when the varent charactoristics are wiried the 
variation must be completely expressible by a single parameter. 

It has been further concluded that if a truly geometrically- 
related series of hull foras is emloyed in deriving stadllity data 
the results can be plotted in a satisfactory manner using only the 
elementary dimensions and form coofficients used in the usual defini- 
tion of hull charactrristics. 


Til PROCEDUIS 


In view of the foregoing conclusions relative to the 
necessity of ennloying a ceonctric:lly relited serios of 
hull forms attained by varying only one hull parameter at a 
time, it first became necessary to decide which and how many 
of the various hull dimensions and coefficients are necessary 
to sufficiently define the form characteristics contributing 
to statical stability, and then to deternine how best to allow 
these narameters to vary in changing the shape of the hull. 

Tt is of course well kmown that strtlenl stability is 
determined by just two basic factors: (1) the position of 
the center of buoyancy of the vortion of the hull imnaersed 
at a given angle of inclination, and (2) the position of the 
canter of gravity of the weight of the entire ship. The latter 
remains fixed with respect to the hull as long ns no weights are 
moved and may be novroxinated or determined by welleknown methods. 
It is the influence on atuticrl stability of the vosition of 
the center of buoynney thrt ve are intercsted in here. sor any 
eiven attitude of a ship the vosition of the conter of bucyancy 
devends entirely unon the shnve of that vart of the hull imniersed 
nt the time. ‘Therefore in order to cxyuress stiticerl stability in 
terms of hull dimonsions and cosfficients it 13 necessary to be 
able vy their use to define the entire mart of the hull that may 
be immersed within the rene of inclinctions for which stabllity 
datn is desired. This in effect is the entire watertight hull 


structure. 


In the vcreliminary design stage it is customary to determine 
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length on the waterline 


maximum beas 

mean draft 

depth anidships 

variation in depth clong the length of 


the ship usually given as the difference 


between the depth anidships and the depths 
forward and aft 

vbleck coefficient 

longitudinal prismatic coefficient 
vertical, prisactie coefficient 

midship section coefficient 


VW PS FP 


waterplane coefficient 
Thus there are avallable ten factors for defining hull 
form in stability dnta. To use them all would result in too 
large a nunber of parameters for a practicable system of sta 
bility prediction. Therefore, the following were selected aa 
vernitting 1 conbination of oufficient definition of hull form 
and simmlicity of vresentations 
(1) D/3B, depthebeam ratio 
(2) H/D, draftedepth ratio 
(3) Cy » longitudinal orismitic coofficient 
Sheer also is used as a determining factor in the final pre 
dicted stability values, tat is introduced in the form of a correce 


tion to D/B and H/D. 


16 

The reasons for omitting some and including others of the 
ten factors sre as follows: Length wis omitted because when 
righting arm is used as the nensure, st2ticnl stability is in 
devendent of length. Sern, draft and depth are all considered 
to have major influence on statical stability. It should be 
noted that depth and sheer sre tho ony factors vertaining to 
that nart of the hull abowe the upright waterline, a vart which 
influences stability 1% large angles as much as the underbody. 
The only justification for hoping to attsin satisfactecry results 
with such a meager description of the upper bedy is that for ships 
of normal form, to vhich this method mast certainly be limited, 
the shape of the upver body follows pretty closely from a given 
underbody shnve. The umierbody shane in turn is of course closely 
defined by the forn coefficients. The selection of the longitudinal 
vrismatic coefficient 2s the one nost suitable, was b sed on the 
fact that 1% is 2 measure of the longitudinal distribution of dise 
placenent. As such it is the dest nensure of the fullness of the 
various weterplanes develoved 3 2 ship takes successively ine 
creasing inclinations. The shnve of the waternlane at a given 
angle of inclination 1s a very inportant factor in the deternination 
of the statical stobllity 2t that angle. The decision not to try to 
incorvornte more of the form coefficients into the nethod was based 
on many considerstions. lirst, it was recognized that to develop a 
workable naethod for vredicting staticral stability in the vrelininary 
desien stage using more than three indeoendently varying varnneters 
would recuire more tine than would be available. ‘Second, it has 
been observed that the nidship section cocfficlent of normal forn 


merchant vessels varies but slightly. If the uidship section coo 


4? 


Ls | * 


effictent is a constant for various forms, the block coefficient 
becomes vn direct function of the longitudinal nrismatic coeffieient. 
Therefore under these circunstances the midshiv section and block 
coefficients may be eliminated from ecnsiderntion. Third, a cote 
pariscn of lines drawings indic»tes that the shape of transverse 
ship sections has become pretty well standardized for the average 
merchant ship tyoe. It appears that changes in hull form are attained 
more by longitudinnl relocition of transverse sections rather than 
actually making much change in the shapes of the sections themselves, 
If it may be assumed that this is the case, then the vertical prise 
matic and waterplane coefficients become direct functions of tho 
longitudinal vrismatic coefficient. Thus by a series of assumptions 
the number of independently vwarying form coefficients has deen re= 
duced to only one, the longitudinal prismatic coefficient, G- 

In order to make possible the final presentation of the 
stabllity data in dimensionless form draft, depth and beam were 
combined into the r°tios H/D and D/B. 

After considerable investigation into past waye of expressing 

Statical stability 41¢ was decided to emoloy the simole ratio of 
righting arm divided by the ship's bean as the stability parameter. 
Furthermore, the righting erm is here measured from the keelnoint, 
K insteed of fron an assumed vosition of the centor of gravity, 
in order to remove entirely .2ny refercnce to the weight of the 
shin, which is not 2 foctor in the purely hydrostatic contri bue 
tion to stability. In addition this removes any possibility of 
confusion as to the vosition of an assumed center of erovity. 

Reference (6) recommended the use of the Prohaska residuary 


atability lewer method of presenting stability data, wherein the 
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ressed in terms of the initial 


-metacentric height and a residuary factor ns followst 


Gig GM sin 6 +5 


‘The present authors could see no r-tional basis for including 


initial netacentric height in a method where the stability data 


i3 obtained by integration of the hull form. I[% anpears that 
nothing is gnined thereby excent an additional source of error. 7 
To crlculnte the position of the initial transverse metneenter 
using only the principa} dimensions and hull coefficient, avalle 
able before delinention of the lines means determining first the 
position of the center of buoyancy by an anvroximite method such 
ag that of Norrish, and then crlculnting an aporoxinate met:centric 
radius using .n assumed waterline inertia coefficient. Then the 
determination of the residuary stability lever, MS, by integration 
of hull forns 4s still subject to all of the 2ssunotions nreviously 
mentioned in connection with the develonment of the prasent nethod. 
Also the vresent authors vorefer to convletely divorce netrcentric 
hoizght fron the determinntion of the stratical stabdllity dts theree 
vy leaving netacentric heivht as an indenondent fnctor th:t enn be 
used, if desired, to check the initinl slope of the curves of 
stotienl stability oradicted from the integrotod data. 

As a result of the forevoing considerations, the orocedure 
, decided upon for deternining data for end presenting the method of 
predicting stnticrl st-bility was briefly 23 follows: A study wns 
made of the range of principal dimensions ond longitudinal orisartic 
coefficients including the n»jority of coanon merchant vessel tynes 


and the following limits determined for data. collection’ 


c, 0.55 to 0.80 

H/D 0.45 to 0.8 

D/B 0.52 to 0.90 

The vody plan of a parent hull was drawn using a set of 
offsets from Taylor's stuniard Series (Figure XX). This was 
integrated for sectional areas and moments of area using ten 
station spacings, five waterlines and six angles of inclination 
up to 90 degrees. Although the goneral intent was to collect data 
that could be combined with that of Reference (6) to become part 
of one method, it appeared that better accuracy could be ebdtained 
by increasing by one the four waterlines and up to 90 degrees the 
range of inclinations used by the authors of Keference ( 6 ). 
Areas and moments were integrated by Simpson's Hule and righting 
arms determined. The data derived from the parent hull was exe 
panded by the methods of longitudinal and transverse oxpnnsion of 
Reference (G ) to cover the desired range of parameters. This in 
effect resulted in obtaining staticnl stability data for tvelve 
different hull forms each at five different drafts. for each of 
these forms, cross curves and curves of strtical stability (Figures XX { 
to XON)) wore drawn to check for fairness and to aid in getting the 
data into the form desired for final presentation. The resulting 
stability dat- diagrams (Figures {| texV!) are explained under 
"Results" and the details of the procedure are given in the Aupen= 
dix, part B,. 
Tt may anpear to the reader that an undue number of sinplifying 

assumptions have been nade in deriving the vrocedure. In answer to 
this it must be remembered that the vorinnry ourvose of this method is 


to vrovide a quick way of approxineting a carve of statical stability 
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ranter of gravity of ts vs Ole of the ship as well « 


cof exact delineation of hull shape would nullify any 
vt tempt to attain a high degree of accuracy in the hydrostatic 
contribution to statical stability. ‘urthermore a more complle 
“ented method for use under the circumstances, bat claiming greater 
- accuracy would hardly be warranted if the labor involved in making 
a prediction thereby avpronched the work of a standard statical sta= 
vility crAleulnation. Lastly, the »roof of the pudding is in the 


eating. As will be seen later in the discussion of results, sta= 


vility data vredicted by this metiod for vessels in existence shows 
eatisfactory correlation with stability data ez aleulated in the usual 


manneroe 


TV RESULTS 


The resulta of this thosis are twfold. First, there has 
been sreduesd a set of stavility data designed to augment the 
work of Reference ( 6 ) in the development of a large scale 
project for the prediction of the statical stability of ships. 
Second, there has been developed a practical system for the 
graphical presentation and apvlication of stability data for 
the purpose of predicting the statical stability of a ship in 
the preliminary design stage before the lines drawing have been 
nade. 

The first mentioned stability data is presented in tabular 
form in Table J, and also in graphical form in the cross curves 
of stability on the left half of Figures XY! to X&V/!, This 
data consists of ratios of righting arm divided by beas (%4/3) for 
Taylor's Standard Series hull forms inclined to various angles. 
For each hull form, the longitudinal coefficient used was that cone 
pated for the waterline which gave a draftedepth (H/D) ratio of 
0.625. D was held constant at 6.4", 

The data is for four different longitudinal prismatic 
coefficients of 0.55, 0.6%, 0.71 and 0.803 a draft-depth ratio 
of 0.625, and three depth-beam ratios of 0.52, 0.6%, and 0.90, 

In effect this represents data for 12 different, but geometrically 
related hulls, ench having a designed draftedepth ratio of 
0.625 It should be noted that the curves of statical st»bility on the 
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right ae of Figures WV tonodiiave net for the foregoing 

basic draft-depth ratios. ‘these eurves vere drew in developing 
the systom of predicting statical stability which now will be 
explained as the secend part of the results. 

The second part is a fulfillment of the authors’ desire 
to develop a method for using an accweulation of stability data 
te actually predict & curve of statical stabliity using only the 
principal dimensions and fora coefficients of a ship. Although 
the method as presented hers is comnlete in tteclf fer use over 
en extensive range of shin forms it mauct be eaphasised that dua 
to certain aseumptions mede in expending end interpolating date 
inte a fora cenveniant for use, the acseuracy ie probably not as 
great as can be attained by utilising a more extensive collection 
ef basic data. In other words here we present an idea ratherthan 
@ completely finished product. ewover, as will be seen in the 
discussion cf results, sven with the basic data spread pretty 
thin seme very encouraging Sesults aro obtained. 

The seconi part of the resvits consints of a set of diagraus 
by means of which Af the principal dimension, longi tudinal pris- 
matic ceefficient, and estinate of the wortical position of 
center of gravity ef a merchent ship of usual fora aro known, 

a predicted curve of atatical stability aay te conetructed. There 
are fifteen diegrans ench giving the relatien between a sSability 


paranster, zaf 


eix differcnt angles of inclination. (Yigures || te XVI). Bach 


Band the longitedizal prisutis coefficient, 0, fer 


diegran is for a givon value of draft-depth ratio, (H/D) and depth 
beam ratic, (D/B). Interpolation my be used to obtain otabllity 
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parameter date for values of A/D ond U/3 between the trbulated 
values. The range of ship forme covered by the eystem includes 
longitudinal prismatio coefficlents from 0.55 to 0.81, H/D ratios 
from 0.45 to 0.40 ord D/S ectios from 0.52 to 0.90, which were 
selected to fdolude the arjority of normaleform nerchant veasels. 
In addition to the fiftacn dlegrans there is a longitudinal 
prismatic coofficiont correction curve, the use of which will be 
Gescribed in the explanatica of how to use the methed for pree 
diating 2 curve of statienl stabliity. 

In she faterest of simplification the procedure for utilising 
tho netiicd will be given first without the reasona or theory fer 
various ateps, mick will te discussed Inter. It 1a most convenient 
to use « form each as used for the sample calewlation in Table ZZ, 

The followlng required preliminary deaign inforection Le 
first olitained for the shin in quostion and entered in the appropriate 
spaces on the upper left cide of the form? beam (3B), draft (HK) at 
a given displacsssent (A), depth ef hull amidshipe (D), sheer as | 
measured by the increases of dept: forwnrd and aft above that 
amidships, the tong’ tudinal prismatic coefficient corresponding 
to the given dispiacenent, ami the estimated vertical poeition of 
the center of ersvity of the vessel (KO). Next correct the orise 
matic coefficient by ontoring the prisactie coefficient correction 
curvs (Fivere I) with the H/D ratio and selecting the corresponding 


G, corvection faster which when when multiplied by the original Cy 


Givea the corrected yolue of % fer use vaen entering the stability 


paremeter dingrams. In order to seeount for the contribation ef 


‘sheer to the curve of statical stability the depth amidships 1s 
changed to a new vnlue by means of the following enuations 


D corrected = SHS4 x ¢ corrected + D (1) 


where: S¥ = sheer forward in feet 
SA = sheer aft in feet 


With the corrected value of D crleulate H/D and D/B. The values 
used for arguments in entering the strbility parameter diagrams 

are: the corrected Che and the values of H/D and D/B cnleulated 
with the walue of D corrected for sheer. In general the H/D and 
D/B values will f211 between the tabulated values. Therefore, a 
double intervolation will be renuired as indicated in the example 
calculation (Table IZ ). ‘the result will give values of righting 
arm divided by bean (2/5) gor the six angles of inclination listed. 
To get values of righting ara referred to the estimated vertical 
loontion of the center of gravity the following equation is used? 


oz g K7/x Be Oo sine (2) 
wheret 0Z = the righting ara in feet 
xz/ = the dimensionless stability parameter 
Bg the deam of the ship in feet 


KG g the distance of the center of gravity 
of the ship from the base line in feet 


@ = 24 given angle of inclination 
This cnaleulation may be nerformed a9 indicated in the tabular 
forn of Table TL. 

An exvlanation of the - and sheer corrections will now be 
given, Tho values of longitudinal priomtic coofficient (C,) used 
on the stability parameter diagrams are those for hull forms having 
assumed designed droftedepth ratio of 0.625. For exemple the dia- 
gram for D/B = 0.52 and B/D = 0.45 4s strictly onisffor a hull for 


1 a longitudinal prismatic coefficient calculated for H/D a» 
0.625, but which is floating so that H/D = 0045. Now 4€ the ship 
for which = curve of statical stabllity is deeired has a designed 
B/D of 0.45 end the known value of Cy is for that H/D ratio, it 
will be necessary to correct the C, to the value 1t would have if 
the ship were floating at an H/D of 0.625 in order to use the 
dingrans correctly. ‘The prismatic coefficient correction curve 
gives the approximate correction. 1% is aporoximate because the 
_ curve is based on the change of G, with dreftedenth ratio for a 
Taylor's Standard Series hull, which except for coincidence, will 
not be identical with a ship nicked at random. 

The necessity of a correction for sheer is of course obvious. 
When the deck edge becomes immersed progressively decpey the greater 
the positive sheer the greater will be the righting moment ara of 
the imuorsed volume. Basically eouation (1) 4s derived from the 
area between the outside of a varabole and its enclosing rectangle 
which is erunal to 1/3 of the area of the rectangle. Assuming then 
that the sheer curve is parabolic, the transverse projection of the 
hull area above a herizontal line through the voint of least depth 
4s approximately ecual to the sua of the sheer forward and aft die 
vided by six. If the sh&p wero parallel-sided like a varge, the 
effect of sheer on the righting era would be very nearly the sane 
as adding a constrnt increase of depth enusl to that -vncunt. Howe 
ever, the fineness of a ship's ends slows the vrogressive imnersion 
of the deck edge at a given rate of inclinction. Simflarly, this 
fineness roduces the effectiveness at large angles of inclination 


of the sheer as an sugmentation to; righting: arms’ therefore, the ¢. 
sa : ray 


correction derived purely on the naradolic area basis recuires a 


further reducing correction rovehly proportional to the anount of 


bP)? 


Sh 


fineness. Since the longitudinal prismitic coefficient is 
approximately proportion, to this fineness at the shin's ends, 


4¢ was introduced as a factor in the correction for sheer. 
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TABLE IL 
VALUES OF KZ/B FOR THE BASIC DRAFT-DEPTH RATIO, H/D = 0.625 


B= 7.128 


Cp 20.85, 72 304 | Cp 20.64, 9 = 254) Ce 2071, V= 392 | Cped. 20, 9 442 
pe | my| eo fas |e | ms 


Table II 


SAMELE COMFUTATIUN 


C/LCUL’TION SHEST FOR FREDICTING * CURVE OF ST’TIC/L ST/ BILITY 


Note: Cp, corrected used in depth correction, 

SHIP CH,/R/CTERISTICS CORRECTIONS 
Neme Victory Ship Sheer Correction: 
Ship Type Maritime Comm, VC2 


=a S S$ 
Lor AGG) ! Dorrected ee F C, +D 
eno. = Se ee 6 3 
e438 

Beam, B O2rn0! = 39.27 


Dreft, H at Oe 11,0007 _22' 6" 
epth :midships, D meso aely 


Sheer (ine. of depth 4! 
emidships) Fwi., 3 


ift, Sy Zz 


Corrected H/D = 50,5 738 


Long. prism tic coeff. correction 
from curve: H/D # 0.593 


Lolt 
C. = ( -1+-t04 )(.632 
correcteé 
= 0,692 


Assumed KG used in Cross Curves ) 


Percmeters for entering dirgrims: C, = 692 ; B/D=__.573; D/B =.633. 
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Figure V 
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Figure VI 
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Figure XII 


Figure XIII 
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The part of the rosults consisting of the set of stability 
date designed to augment the work of Reference ( 6 ) will ve 
considered first. The accuracy of these dnta ts considered to 
de at lenet as great 20 that of Hefersnce ( & ). The present 
writers used five witerlines spaced one-half inch apart vhereas 
the Reference authers used four wrterlines spaced one inch apart 
when integrating for tho Basle stability Gata. This g-ve one 
more point for fairing in the cross curves of stnbility resulting 
An increased accarney. Beyond this chinge it is belleved that 
the procedures used fer expanding the bosic data te the various 
longitudinal prismatic coefficients and depthebeam ratios were 
in genernl the seme as used by the authors of Reference ( & ). 
Using the accuracy of the basic data resulting from the integration 
of the pmrent fora as a standard of conpariscon if is believed littie, 
4f any, accurney was lost in the method used for exnansicen to the 
various loneitudinal prisactie coefficicnts. This methed, althouch 
erevhicnl, was direct and resuired tha drawing of a number of curves 
of sections] areas and moments of areas, the fairness of which curves 
served as a check on the aecuracy of individunl points. Alse the 
cross curves of stability amd curwes of stoticnrl stadility plotted 
fron these d-ta were eatisfoctorily fair. (Figures XXYI te XXXYij/). 
However, the method used to expand the data to the different denth- 
bean ratios was not aos straightforword. For instnnce, 4¢ renuirad 
the detoraination of the perpendicular distance from the inelined 
waterline to tho center of tioyarncy of the immersed portion of the 
hall for each transverse expansion. (P54, values in Tables X w Xill). 
These values were fount by crewing displacement curves for the ine 


clined positions (Figares XMill % <V), then dividing the 


areas above the curves by the corresponding volumes of dicolace= 
ment. In drawing these curves there was no digplecanent data 
available below the No. 3 W.L. which meent fairing the curves 
from there down to sero displacement by eye. Of course, there ie 
not much varirtion nogsible in the shape of the curves between No. 3 
W.L. amd zero eo that eny error resulting from this source is pro- 
badly not laree. When the cross curves of stc.dility ond the curves 
of statical otadility for the traneversely expanded data vere plotted 
they requirefi considerably more cross fairing than for the original 
depth-beam ratio data, thus indicating that iin fact there had beon 
some error introduced. However, the cross f£:.iring process between 
the two sets of curves should have removed most of the error from the 
final data. 

furning to the second part of the results, the best way to chealc 
on the reliability of the mothod devised for the prediction of a curve 
of static:.1 stability ie to try it. This was done for four ships, 
selected at random, for which st:ndard cross curves of stability wore 
available. Calculctions for the prediction of the curves of statice1 sta- 
bility were mde using only the lonvitudinal nrismatic cosffictents and prin= 
Cipal dimeneions of the ships in question, szactly as could be done im pre= 
liminary decien prior to delineation of the lines, Comparisons of | 
the predicted curves and actual curves are shown on Figures XVII end XVIII. 
im each case the predicted curve and astual curve are fer the same assimed 
vertical position of the ship's center of gravity. 

A coneidernble range of shin types is represented ty the four ships 
selected: a large P2-type passenger ship, a C3 and a VC2 cargo ship, 
emi a tanker, A simultrnecus comparisaon of the curves for the four 
ships revenle o nuiber of interesting facts, the nost striking of 


which 49 the remarkably good asreemsnt between the vredicted ond 
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netual curves for all but the tanker. Being the misfit, the tanlor 
will receive first consideration. Actuslly, ewan for this ship 

the gen-rael shepes of the predicted and .ctual curves are vory 
similar, the main discrenancy being in the walue of aarinus 

righting arn. Time hae not nemitted a rigorows investigation 

into why this dissagreesent exists for the tanker when the other 

three ships agree eo well, but there are many reasons why it can 
exist. Ruling out the possibility of an error in the actual curve 

as improbable, the discussion will tbe confined to possible sources 

of error in the method for predicting statical st-bility. Varin 

tion between the hull shape of tho tnonker and the corresponding 

hull shape unon which the predicted curve was dbaeed isa one posse 
bility. However, there doesn’t avpesar to be any particuler cheractoie 
istic of a tanker hull that is more at variance with Taylor's standard 
Series than might be the case with the passenger and carge ships. 
Thorefore, weriation in hull shapes is not believed to be a major 
factor. Amore likely source of error is dus to the methods used 

in cxnanding the stability parameter diagram data from the basic values. 
4s explained defore, dus to avvroximtions in the nethed of transvorse 
expansion, nccurncy near the upper and lowar limits of dopth=bdeam ratio 
is probably not ns good as for the basic value. Also in converfing 
the data to draft-depth ratios in even tenths for the purpose of 
facilitating internolation of the stability peranetere from the dine 
erans, tho following deseribed annproxiantion was used in order to 
conserve time. Yer the parpose of selecting the proper stability 
parameter walues from the cross curves to draw the curves of statien) 
stability of Feures O\y! to XXAYIl, from which in turn data was 
tnken to construct the stadllity parameter diagrams, it was necessary 


to know she aisplacement in sean enes corrsspending to the new ever- 
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cLONULS We displa mont at a given draft-depth | 
= = ¢ ' 
ratio {8 vroportional to the coefficient. ‘The approximation mde 


was to ‘paaune that the displacement at ench drnftedepth ratio was 
proportional to the longitudinal prismatie coefficient for the 
dasic diaftedepth ratio. A spot check of the orror introduced 
by this apvroximation was made ty compating tho disvlecement in 
this manner for the nunber three waterline using c, for the nunber 
4% waterline, ani comparing this with the actusl displacenent from 
the displacement curve. Tho resulting error in displacement was 
about 3% of the correct value. Therefore, considering the possible 
introduction of errora due to thie annreximation, as well ag further 
errore due to the methed of transverse expansion, it may be seen 
that the farther we depart from the basic H/D value of 01625 and D/2 
value of 0.64 the greater the vrobadle error in the stability pare 
meter. For the tenker H/D g 0.775 and D/B = 9.543 which are near 
the uvper and lower limits respectively of these ratio ranges. Thus 
4t 19 possible that %o errors ore additive in this case. 

A Bhird and very likely source of oPror is due t% interpolotion 
between D/B values. There ere large differences in the stability 
parameter between successive the D/B values used on the stability 
paranoter dingrana. ‘ihether or not linerr intornolination between 
D/B values is permfasible, has not deen checked. Therefore thia 
introduces anothor possible error. 

Lastly, 4% will be renenbdored that the method of correcting c, 
for devintion of the actual draftedepth rmitio fron the bisle values 
of 0.625 involved an anvroximation. For the tanker H/D » 0-775. 


Therefore, the corrected in this case ia possibly not too close 
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whether the discrepany is duo to an inherent fault in the method or 


mm 


due to an additive recuaul tion of possible errore, resulting not 
Ren the basic method, bat from the avproximtion made necessary 

‘by the limited time available to put 4¢ into a form suitable for 
‘tried. The tatter thought 4s borne out by excellent correlation 

of predicted nnd actual results for the throe ships, other than 

the tanker whose D/B ang H/D sathos are auch clocer to the baste 
valuss. It must be remembered that the method as presented herein 

4e not designed to be a finished vroduct but only an example of a 
possibility. Tho fact that under the circunstances three out of 

four trios produced setisfactery results ie an indication that the 
method has good possibilities. ‘The results further indlestea that 

46 is unwise to spread the dsta from one dbeasic form over so great 
arrange. In this case if the data had been expanded only sufficiently 
to cover the passenger ship and the two ec1rrgo shins, the results would 
have been considered excellent throughout. Then if a now range of 
data were developed based cn dimension ratios closer to that of ths 
tanker, there is no Feason %o belleve that 4% would not give good 
results for tankeretyne hulls. Alse it is noesible to exonnd date 
more cccurntely than was done here. In the transvorse expansion to 
various D/E ratios the curves of dienlacenent in the inclined posite 
tion could be made more nccurate by moneuring severcl disnlacenents 

at lower wntcriines. Sy constructing displacement curves for tho 
hull in the upright nosition for oseh value of longitudinal prisantic 
coefficient, the avoroximition made here in interpolating for stability 


data nt tho even tenth draftedenpth ratios would be avoided. 


Returning now to the cormnrison of the predicted ond actual 
curves of atatic l stribllity 1% will be seen that the predicted 
| curves faithfully reproduce the tyniec:l characteristics of ataticnl 
gtability curves. Yor inst>nce, the P2 curve gives the concrve 
upvard slone at the lower heel angles which 43 associnted with 
highesided ships of relatively low initial stability. It xlso 
nredicts cuite closely tho relotively lores angle of inclinction 
at which the moximun righting arm oecurs on ships of larse ?reeno 
board. Turning to the tanker curves, we find the tynieal steep 
Slope at the origin indicative of the large initial stability roo 
ouired of vessels of low freeboard. Also in this tyne of ship, 
the relatively low angle of hoel at vhich the maximum righting 
arm is renched is clesrly shown. 

One feature charscteriztic of all the oredicted curves is the 
excessive value of righting arm on the unward slope. The mos? 
likely explanction for this condition is thet 11 of the four ships 
have midship section coofficients sreater than the Toylor's stamiard 
Series hulls on which the data is based. Experimenting with sketches 


of aidohip sections of herd and easy bilge curvature superimposed on 


each othar, indicates that the shift of buoyant volume toward the 

low side of an inelincd ship fe greater for the form with easy bilge 
curvature, vhich of courses corresponds with a lewer midship section 
coefficient. Therefore it is very nrobabdle thot the volue of the mide 
ships section coefficient hrs a noticeable influenes on st tical sta- 
bility, and thant the devintion from the acturl curves on the upward 
slones io due to the inerense in midship section cocfficient of the 
verious shins stove the value for the naront Tayler's stondard Jeriess 


hull. 


Tf! wlLE De neend Siete tha feyiwes" of the atobility niranoter 
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; oO 1. Thorofor e 
* a 
me otra Por the Dt: ae of 0. = and 0.90 there was 


evintion of the plotted points from straight Lincs, ~ 
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gain no recognizable trend of curvnture was noticeable and the 
were drawn otraight through the menn position of the ane 
bs E. I¢@ is believed that the greater dispersion of points in 
the 0.52 and 0.90 D/B diagrems was another indication of error due 
to the method of expanding data ¢o the different D/B ratios. 
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The following conclusions are drawn fren the results ef 


this thesis: 


Le 


2. 


De 


be 


5. 


It ia possible to predict the statical stability 
characteristics of a ship in the preliminary design 
stage using only principal dimensions and hull coe 
efficionts. 

The method derived herein for predicting stability is 
easy to use and is capable of accuracy comparable with 
that with which other ship characteristics may be ete 
timated in preliminary dosiga. 

The statical. stability characteristies of shiva of normal 
fora depend more upen principal dimensions and hull cs= 
efficients than unon the inor variations in hull form 
possible umder a given cet of principal dimensions and 
hull coefficients. 

The simple ratie of righting era divided by bean is a 
satisfactory dimensionless paranetar for use in vlotting 
and presenting stability data. Therefore, comlieations 
added by the introduction of metacentric height or metae 
centric radius inte a system for nrcdicting statical sta- 
bility in preliminary design are unwarranted. 

The effect of sheer on the righting arms at angles vhere 
the deck edge is imiersed is too great to neglect even 
with the commaratively apvroximate results desired in 
preliminary design. 

The procedure used herein for expanding stability data 
to different depth-besa ratios does not give an accuracy 


of vaeults comaradle with the accuracy of the basic data. 
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1. Comile one sot of stability paranetor diagrams for 
each major tyne of vessel desired to be included in 
the method. For example most oassenger ships, cargo 
ships and tankers fall under the general classificition 
of high midship section coefficient a= cruleer stern 
type of vessel which one set of diagrams should cover. 

A sgscom general classific tion might be the lower mide 
shiv section coefficient -- transom stern type of naval 
vesselg. 

2. Jor each major tyne select a bosic hull form most nearly 
representing a mean of the range of forms included in 
that types. Draw the psrent body plan of the hull using 
10 station intervals with half snacings in the end interes 
vala. HElininate sheer. 

3. Expand transversely the offsets of the parent body plan 
to give two adiuitlonal denthebeam ratios above and below 
the basic parent form yalue ond draw the four now dody 
plans. This gives five body plans of different D/B ratios 
bat each with the sane 

4%, Integrate mechanically the five body plans for seétional 
areag in the upright position and for sectional areas and 
moments of area at 15 degree increments of inclinntion up 
to 90 degrees, using at lenst five different draftedepth 


ratios. From this the uvright volumes of displacement 
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hull stability parameter may be calculated. It vill 
facilitate the procedure in later stages if the evenly 
spaced increments of draftedepth ratio to be used in 

the finnl stability parameter diagranag are used at 

this point in the integrating process instead of using 
ecually spaced increments of draft as was done in this 
thesis. 

Expand the stability parameter data for each D/3 to 

cover the desired ronge of a by the method given herein. 
Two values of G, above and two below the basic yvuiiue should 
be sufficient. Note that this procedure eliminates the 
transverse expansion nrocedure used in this thesis. 
Present the finel dats in a series of stability naraneter 
diagrams similar te those derived by the present writers 
except plot Raf versus D/B. This will permit interpola. 
tion between values of C, and H/D instead of D/B and H/D. 
The renson for this change ia that the relation between 
G, and K2/3 45 very nearly linear and therefore lends ite 
self readily to arithmetical interpolation. 

To eliminate the neceasity for a longitudinal prismatic coeffie 
cient correction curve, for exch C, at the basic H/D ratio 


Pp 
compute the C, for ench other H/D ratio, and use these us 
velues in the final stibility parancter diagrams. Then 
the c velus given on each diagram will correspond with 
the given H/D ratie inotesd of with the basic H/D ratio as 


in the diagrans of this thesis. 
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for each combination of © and Cy Then by estimating the position 
of a given B/D value on a line of eonstant D/B, a value of K2/ 3 
could be determined for a given 0, and & Doing the same for the 
gome 0 and adjacent C, vould give tvo values of 2/3 for a given © 
which could be interpolated between to derive the Kay for the given 
value of Cpe This, in effect, substitutes a set of graphical intere 
polation for the arithmetical H/D interpolations used in the present 
method. It should be noted however that the proposed system has 

the disadvantage of resuiring K2/p valuea from three times as many 


diagrams as for the oricinal system, 
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l. By tabulating principal dimensions and hull coefficients 
for various passenger and cargo ships, the following ranges of data 


were decided unont 


2 
83 


0.55 to 0.80 
H/D @ 0.45 to 0.80 
D/B = 0.52 to 0.90 
Z <A basic hull, using Taylor's Standard Series was selected 
with the following charoecteristicsa! 


B = 10.00° 
L = 15.00" 
D = 6,t0" 


H at LWL = 4.00" 
The vody plen for this basie hull was drawn (Figure XX ). 

3. Using an integrator, there were obtained areas and first 
momenta eat stations 1 through 10 for the basic hull up to waterliness 
3”, 33°, 4", 4" ond 5”, and at angles of heol of 0°, 25°, 30°, 4c, 
60°, 75°, ana 90°. the axis for moments — taken at the intersection 
of the beseline and the ship’s centerline, point K. then it was 
necessary to shift a of moments above K to some point "Gc" 
to facilitate integration, the righting arms so determined were 
corrected back to the reference point "K" by adding to each KG sins, 
where & is tho ongle of inclinntion. These data and commtations 
were fecorded on a snecial form made un for the vnurpose, for a samle 
of which, see Table {ff . A displacenent curve for the basic hull 


was constructed using data for the upright position, (Figure XX} ). 


—— 


Using the values of KZ and their corresponding volumes 

of digp ehvent computed in 3 above, cross curwes of stadility were 

vlo! “- for the basic hull, for angles of 1%, p°, 46°, 60° 77 

and 90°. Using volumes of displacement corresponding to H/D ratios 

of 0.45, 0.9, 0.60, 0.70 arid 0,80, statical stability curves were 

drawn, (Figure x}, 

5. The next step was the exoension of the parent hull to 

G, C's of 0.64, 0.71 ané 0.80, as illustrated in Figure XXI/. 

‘This was accomplished by superinpocing upon a curve of sectional 

areas for the hull with C, ¢ 9655, & curve of sectional area of 

hell with the new Ore Fron the intersections of the original sta- 

tiona with the a z 0.55 curve, horizontal lines were drawn to the 

new oy curve. The intersections with the new curve located a new 

‘station spacing, indicated on Figure XX 61 by the primed numbers. 
Carves of sectional areas and moments were drawn for all the 

angles and all the waterlines for each new C 


Pp 
spacing to nosition the ordinstrs and the original values of areas 


» using the new station 


and moments. The arenas and moments were then tabulated as read from 
the curves at the original ordinate spacing. Figure XX] shows the 
curves for only one angle of inclination and one ee but is illuse 
trative of the vrocedure used. Data and crleulations were tabulated 
on a special form made for the nurnose, a sannle of which is shown 
in Table Vill . Using the values of KZ as calculated in this table, 
cross curves and statical stability curwes were drawn for the hulls 
with c,*9 of 0.64, 0.71, ata 0.88 in like manner to those drawn for 
the prrent hull (C, « 0.55), Figures XXX] to XXXII1). 

6. A method of es expansion was Row used to expand all 


data previously obtained for models with 10.00" dean to models with 
7.12" beam and 12.30" beams, so that the final data would include a 
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range of D/k wilaod Dems U.52 & ULM. 

Curves of displacemont in the inclined position for each 

Cp, end each angle of heel wore drawn (see Figure vill te x&x<Y). 
_— thes® curves, values of inclined draft were obtained for H/D 
ratios of 0.45, 0.50, 0.60, 0.70 and 0.€0. Also using these curves 
end a planimeter, areas above wrtorlines corresponding to the fore= 
‘ee ing B/D ratios for each curve worse commuted. ‘These areas divided 
by corresponding dvplscemettt voluns, VY, gave P\B, for each Gs 
angle of heel, end value cf H/D, Tahic chove a sample 
computation. Using these values and B scale, values of K, Z, and 
58, B were obtained erathielly. 

Figare XIX (a) and (») shown how the basic hulls were ex- 
panded transversely. (8) represents the nidship section of the 
parent hull, of depth D, and deem B, (b) represents the midship 
section of a hvuli whose beam hac been expanded dy a factor, A, 
but whose other char-eteristics remain the same. If for the present 
hull, the inclined waterline uf if is drawa fer the model inclined 
at en angle 3, and K,2, and P)B, are known, the distance SB, sn 
be neasured. 

Yor the expanded hull, an inclined waterline, Wy L/ , 4s drawn 
so that vertical distances hy 2 hg ard 3 Jge The distance 


So Bg is leld off se that So Bo = (AI(5, 3B,). where So is located 
by the relations % Sz «= Xe 52 the proof of which te as follows. 


Refer ta Figure XiK . 

If sil dimensions of ship (b) are fdentical with those of 
ship (a) except that all half breadths of (b) are inereaued above 
these of (2) by a factor A. (103) g (FB), by inspection. «hen 
ship (a) inclines to ",” ~ the vertical movaaont F 5 of Ghe Initial 


position of center of buoyanoy B may te found by the principle of 


62 


xIX 


Figure 


(4) 
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XIX Gund 


pnont transfor as follewss 


vhere BB, 46s movenont of BP parallel to ships 
VY 2 ship vol. of displacement 
2 Volume of imicrsed wedge 
e Volume of emexged wedge 
J & hy 3 28 shown on the diagram 
KS, = (38), + BR, = (KE) tH M4, * J+ Tae a 
V2 
2 3 h 


dg933,, sh , RP s mS 


x 
KS, s (KB), 4 & 5% Ave Fi .§ 
AY, 
A pernendicular to web, 1 gene throug, B, lecates 2 2° and 


distanse Kaus can be mensured. Thies distance cm is tho righting 


erm for an inclinition ef G> of the espandead hull. The value of 
Gp may be obtained graphically by means of a protractor, or aralytice) 
iy by meens of the relation: tan 85 4 dom By. fain acaounts for 
the c8 engies of inclinntion found on the Cross carves for 3 ae 7eh2" 
& 12.30". | 

In the application of this eethed used ts obtain data fer bears 
of 7.12" and 12.30", S285, and Ye ond S43, and % were obtained by 
maltiolying S;Bz and VA by Az and Agres spsctively, ee 3 Bo} B 
and A32 B,/3, Values of Kp %, and & were obtoined by rotating 
eh fot katie Glin wins, Onrete 3, s J,» This was ree 
perted to obtain values of K,2%, and °° The results were tabulated 


: 23 
in Tables ZX’ te Xjisi «6 
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on a 
‘ Btaticnl otabiiity curves vere drew for 
KZ thus o band (es 10 MR itd to Yoo i). 
Fig sv i OY] show the — carves and ststieal 
ty y curves for the twelve hulis obtained fron the parent hull 
by three gars expansions and two transverse expansions. 
rom these twelve sets of curves, twelve tables (Trbdbles XIV to XXYV) 
were made up, listing values of Kz and K2/B for each Gand each beam. 
8, Based on the tadles referred to above, fifteen Righting Ara 
Parameter Diagrams were made up (Figures || to YI). ‘these 
Pachins of 62/B veraus C s for constant Soncts of © are for values 
of D/E ranging from 0.45 to 0.80 end D/B varying from 0.52 to 0.90. 
The Cy range io from 0.55 to 0.80 snd 0 from 0° A a 
9. A corrective curve (Figare I) was up to be applied 
te 0, before entering in the Righting Ara Paranetor Diagrams. This 
cirte was made wo by computing values of 0, for B/D valua, within 
Pi 
‘ddeplacenont % a given waterline by the vroduct of length tines 


he range covered in the paraneter dlagrans, by dividing volune of 


the midship section aren to that given waterline. The ratio of C, 
at the 4° waterline to the . computed na avove for some other watere 
line gives the corraction factor. 

10, A fora was meade for use with the parameter dtagran referred 
to azerve in "9" above. A sample commutation using this form is shown 
in Table IL . Calculations using this fora and the parameter dia= 
&Tans were performed for four different shine. The results of those 
Calculations were statical stability curves, These curves were 
Plotted and compnred with those included in the aan, plans and 
computed by conventionz] metheds. Figures XVII te vi showy & 
ecommrrison of tho staties] stability curves abs vy the two 
nethodst e.g. that based on the parameter diagrams of this thesis 


and by the conventional nethod. 
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Figure XX 


FIGURE KX 
BODY PLAN —- TAYLOR'S STANDARD SERIES 
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